abstract the aim of the study was to evaluate the quality of eggs from hybrids of laying hens of selected Polish breeding strains depending on their housing system. analysis was made of eggs from Ka-62, Ka-42, Ka-68 and Ka-48 hybrids housed in three systems: cage, litter and free range. one hundred eggs, randomly chosen from each experimental group between 34 and 36 weeks of age, were evaluated for a set of physical characteristics such as weight of egg and egg fraction, percentage of main egg fractions, egg shape index, air cell height, albumen height and ph, haugh units, yolk colour and ph, as well as shell colour, thickness, density and deformation. caged birds produced the heaviest eggs (61.06 g) with the lowest shape index (77.86%), lightest shell (39.86) and highest percentage of albumen (57.04%) and yolk (29.89%) in the egg. the most favourable quality traits of albumen from the analysed eggs, i.e. greatest height (5.00 mm) and haugh units (69.70) were characteristic of egg albumen from hens raised on litter. shell quality analysis showed that the eggs of free-range birds were characterized by the highest weight of shell (5.76 g), which had the greatest thickness (360.14 µm) and density (81.01 mg/cm 2 ). Detailed analysis of the physical characteristics of eggs from the hybrids of laying hens revealed significant (P≤0.05) differences depending on the housing system. the eggs of caged layers showed many characteristics desired by processors. meanwhile, the eggs of hens kept on litter were characterized by dietetic properties that could meet specific needs of the consumers.
Different housing systems of laying hens continue to cause controversy among researchers, producers, environmentalists and consumers (Sokołowicz and Krawczyk, 2009 ). The matter of priority is the effect of these systems on the health of birds and their freedom to express natural behaviour. However, it is not easy to assess if a housing system provides for good health and basic ethological and behavioural needs of birds. These systems influence, directly and indirectly, not only the behaviour, productivity and health of birds, but also the quality of their eggs (Abrahamsson and Tauson, 1995; Tauson, 2005) .
In recent years, organic farming has become increasingly popular in Europe, including Poland. There is a return to traditional methods of poultry housing, with access to open spaces, fresh air and sunshine, and feeding based on natural and minimally processed feeds (Krawczyk and Gornowicz, 2010) . However, it is much more expensive to obtain products (including hen's eggs) using certified methods compared to conventional methods. This is due to factors such as longer rearing period, higher feed consumption, lower productivity and lower fertility. In wealthy Western European countries, organic farming of layers accounts for 10% of total layer production. In Poland, it is still of marginal significance and does not exceed 1%. Egg production in Poland is mainly based on cage housing of hens. Many studies have shown this is the most economical form of producing good-quality eggs. However, the Council Directive 1999/74/EC states that the sale of eggs laid by hens from the conventional cage system will be limited or even prohibited from 1 January 2012. Polish egg producers are making intense efforts to extend the use of conventional cages by 5 years and not allow for products from the cage system to be discriminated against.
Research is underway to develop environment-friendly production technologies that meet the expectations of middle-class consumers while reconciling animal product safety and quality with modest prices (Górski et al., 2002; Sobczak, 2008 ).
Hen's egg is considered one of nature's most valuable and basic food products (Anton et al., 2006; Sparks, 2006) . Consumers are more and more interested in egg quality, which means that ensuring high quality of poultry products takes on increasing significance. Considering that societies grow increasingly wealthy and healthconscious, the quality of food products will continue to be the focus of attention of consumers and producers as well as a challenge for science. For this reason, in this competitive age efforts are taken to make premium products that guarantee quality and safety. This can be achieved by providing animals with optimum husbandry conditions and quality feeds containing all the essential nutrients that guarantee high productivity and good quality of eggs (Krawczyk and Calik, 2006) .
The aim of the study was to evaluate the quality of eggs from hybrids of laying hens of selected Polish breeding strains depending on their housing system.
material and methods
Analysis was made of eggs from a flock of layer hybrids, which were divided into three experimental groups kept in different husbandry systems: cage, litter and free range. Each group contained a total of 16 birds, with 4 KA-62, KA-42, KA-68 and KA-48 hybrids per group. The experimental hybrids, derived from crossing strains K-66, K-44 (Rhode Island Red), A-88 and A-22 (Rhode Island White), should exhibit many traits characteristic of general-purpose hens. They are intended mainly for egg production in litter confinement and backyard systems.
Hybrids were reared (Experimental Station of the National Research Institute of Animal Production in Duszniki, Poland) to 16 weeks of age in the litter confinement system under the same environmental and feeding conditions. At 16 weeks, birds were assigned to experimental groups in confinement (cage, litter) and on free range. Hens started to lay eggs between 18 and 20 weeks of age.
From 20 weeks of age, all birds received a diet containing 17.5% crude protein, 11.7 MJ metabolizable energy, 3.6% fibre, 0.82% lysine, 0.36% methionine, 3.6% calcium and 0.34% available phosphorus. Free-range birds were unable to supplement their diet with other feeds because they were raised on a 15-cm layer of compacted river sand, but they had free access to feed and water. Feeders and drinkers were located on free range and in a wooden shed, which provided shelter during rain and at night.
Birds on litter (chopped straw) and those in cages were kept in a confinement house under controlled climate conditions. The lighting regime resembled natural outdoor conditions of free-range hens. The experimental production was carried out during the summer (from May to the end of September). Stocking density for hens maintained on litter and on free range was 8.5 m 2 /bird. Two layers were housed in each cage with 0.75 m 2 of floor area per bird. One hundred eggs, randomly chosen from each experimental group between 34 and 36 weeks of age, were evaluated for a set of physical characteristics. Eggs for analysis were collected in September from hens after peak egg production. During this period, egg production was 87.1% in the cage system, 86.6% on litter and 85.9% on free range. At the end of 34 weeks, all the eggs were collected every morning. Eggs collected over two days were sent to a laboratory until 100 eggs were obtained from each group. Egg quality was analysed in a laboratory of the National Research Institute of Animal in Zakrzewo immediately after the eggs were brought from the farm.
The EQM system (Technical Services and Supplies Limited, England) was used to measure egg weight and egg fractions (g), height of thick albumen (mm), Haugh units (HU), yolk weight (g), yolk colour (Roche scale), shell colour (% light reflectance), and shell density (mg/cm 2 ). Air cell height was measured using the ovolux (handheld egg candling lamp) and a millimeter-scale ruler. Egg shape index (%) was calculated by dividing egg length by egg width. Measurements were made to the nearest 0.5% with a Shape-Meter (B.V. Apparatenfabriek Van Doorn, De Bilt, The Netherlands), scaled 65-85%. Shell deformation was measured instrumentally (Marius N.V., Utrecht, The Netherlands) accurate to 1 µm. Shell thickness without inner and outer shell membranes was measured using a micrometer (accuracy 1 µm, Mitutoyo, Japan). A Metler Toledo (Switzerland) pH meter was used to determine the concentration of hydrogen ions (pH) in albumen and yolk.
Statistical analysis of egg quality traits in the experimental populations of birds was performed using analysis of variance (means, standard deviations, coefficient of variation) and differences (P≤0.05) were shown using Duncan's multiple range test from the Statistica 6.0 package.
Results
Caged birds were characterized by the heaviest eggs (61.06 g) and the lowest shape index (77.86%), with statistically significant (P≤0.05) differences. Depending on the housing system, highly significant differences (P≤0.05) were found for egg weight, egg shape index, air cell height, and albumen and shell content. Eggs from caged birds had the highest percentage of albumen and yolk in the egg, with a difference of 0.87% and 0.58%, respectively. Shell percentage ranged from 8.77 (litter) to 9.93% (free range) ( Table 1) . Eggs laid by caged birds were characterized by yolks with the highest weight (18.20 g) and pH value (7.06) and the lightest colour (7.04). All physical characteristics of egg yolk showed significant differences (P≤0.05) ( Table 2) .
The most favourable quality traits of albumen from the analysed eggs, i.e. greatest height (5.00 mm) and Haugh units (69.70) were characteristic of egg albumen from hens raised on litter. Albumen weight ranged from 31.95 g (litter) to 34.89 g (cages). Measurement of albumen pH showed the highest values for eggs from birds kept on litter. Significant differences (P≤0.05) were also found for all physical characteristics of egg albumen (Table 3) . Comprehensive quality analysis of shells revealed that the eggs of free-range birds had not only the highest shell weight (5.76 g) but also the highest shell thickness (360.14 µm) and density (81.01 mg/cm 2 ), with the smallest shell deformation (20 µm). The lightest shells came from caged layers (39.86). When analysing shell quality traits depending on the housing system, statistically significant differences were found for all the parameters (Table 4) . 
Discussion
Egg weight is the most important physical characteristic of hen's eggs perceived by the consumer. It is also the basic quality characteristic included in egg marketing regulations, which classify eggs into four weight categories (Commission Regulation (EC) No 589/2008). For the reasons stated above, egg weight is the essential selection trait in layer breeding and one of the most important traits in the breeding of general-purpose hens.
When comparing quality traits of ISA Brown layers raised in two systems (litter and cage), Voslářová et al. (2006) found that markedly heavier eggs were produced by caged layers (53.40 g).
Using the same study material, Dukić-Stojčić et al. (2009) compared the quality of eggs from caged layers and those from restricted and free-range layers and found that heavier eggs (66.74 g) with a higher shape index (75.29) as well as thicker and lighter shell (373.60 µm and 3.05, respectively) were laid by caged hens. The findings reported above for egg weight confirm the results of our study, in which the weight of eggs from caged hens was also higher, on average by 4.71 g in relation to eggs from litter-reared hens and by 3.13 g in relation to eggs from free-range birds. The only significant (P<0.05) difference in egg weight was between the cage and litter systems. Our study showed that heaviest eggs with the highest albumen and yolk weight were produced by caged layers.
The results concerning the effect of housing system on the weight and morphological composition of eggs are not consistent. Pištĕková et al. (2006) showed that heaviest eggs with the highest albumen and yolk weight were laid by hens in the litter system. Meanwhile, Van Den Brand et al. (2004) reported that free-range layers produced heavier eggs (56.41 g) with higher shape index (75.44) and greater percentage of albumen (59.05%) and shell (12.64%) in egg weight. Similarly, in our study the highest egg shape index (79.29) was characteristic of eggs from free-range birds, followed by eggs from the litter system (79.00), with statistically significant differences (P<0.05) in relation to the cage system.
The main determinant of table egg quality is freshness, which is evaluated based on air cell size, albumen thinning (expressed by albumen height and Haugh units) and pH value (Lewko and Gornowicz, 2009 ). Of the above parameters, air cell height is the easiest to evaluate quickly. For this reason, the value of this parameter has for many years been the basic criterion used to evaluate marketed eggs for freshness. Many world standards, including EU egg marketing standards currently used in Poland, grade eggs for quality according to air cell height. In class A eggs, air cell height may not exceed 6 mm; however, for eggs to be marketed as extra, it may not exceed 4 mm (Commission Regulation (EC) No 589/2008).
From the moment an egg is laid, as a result of physico-chemical changes known as egg aging, the shell loses its natural protective ability, whereas water and gases begin to move both within the egg content and between the internal and external environments of the egg. Water evaporation of the egg is determined by physiological factors such as shell permeability, shell pore diameter, and the rate at which mucin covering dries and breaks. It was also shown that water loss is more rapid in small eggs that have more surface area in relation to volume.
In our study, we analysed eggs that were basically fresh, because the evaluation was performed within 48 h of oviposition. It was assumed that changes in the above parameters, related to water and gas movement in egg contents, were determined by environmental factors associated with the housing system. All the eggs analysed were qualified as Class A "Extra" based on the values ranging from 3.57 mm to 3.86 mm.
When analysing egg freshness based on air cell height, we found the lowest value in eggs produced by free-range hens. This value was 0.29 mm lower in relation to eggs from caged hens and 0.14 mm lower in relation to litter-reared hens. Differences in the values of this trait were statistically significant (P<0.05) between the three housing systems studied. Meanwhile, Calik et al. (2003) and Biesiada-Drzazga and Janocha (2009) , who compared freshness of eggs from layers in the litter and cage systems showed no significant effect of housing system (cages/litter) on air cell height. Similarly to our findings, Biesiada-Drzazga and Janocha (2009) reported lower values for eggs from caged hens: 3.2 mm (Hy-Line Brown) and 3.5 mm (Tetra SL). On the other hand, Calik et al. (2003) showed for brown-shelled eggs produced by 32-week-old Hy-Line Brown layers that this trait had a very low and desirable value of 1.62 to 1.76 mm. In all the studies discussed in the present work, air cell height did not exceed 4.00 mm, which means that all the eggs were Class "Extra" regardless of the hen housing system.
As noted before, the other important determinants of egg freshness (and thus quality) are parameters of albumen. Albumen quality increases with increasing height and decreasing area after breaking open the albumen. Egg weight and height of thick albumen are used to calculate Haugh units. Desirable values exceed 60 units. In our study, these values were obtained for eggs from hens reared on litter (69.7) and in cages (62.8). The albumen of eggs from free-range hens failed to achieve the expected quality (58.64). The differences were statistically significant (P<0.05) for the three housing systems studied.
When analysing albumen quality characteristics, Dukić-Stojčić et al. (2009) showed lower albumen height (7.96 mm) and Haugh units (87.08) for eggs from caged birds. The analysed parameters reached the values desired by consumers but were significantly lower than those obtained for the eggs of free-range hens or hens with limited outdoor access. These authors showed that housing system has an effect on albumen quality traits (5.94 and 3.163, respectively), although the age of birds influenced these parameters to a much greater extent (18.76 and 7.465, respectively). Likewise, Van Den Brand et al. (2004) provided evidence that eggs from free-range birds had the highest albumen after breaking open the albumen (6.04 mm) as well as the highest pH value (8.16). In our study, the concentration of hydrogen ions in albumen and yolk differed significantly (P<0.05) in eggs from caged, litter-reared and free-range hens. The difference in albumen pH did not concern hens raised on litter. As in studies by other authors, albumen pH was high and conducive to the growth of microorganisms potentially penetrating the egg. Pištĕková et al. (2006) , who performed a comparative analysis of egg quality in ISA Brown hens maintained in cages and on litter showed that the highest percentage of yolk (26.34%) and shell (12.34%) was characteristic of eggs from caged birds. The same authors also demonstrated that eggs with heaviest shells (7.48 g), highest shell deformation (32.13 µm) and darkest yolk were produced by hens from the litter system. In our study, we obtained similar correlations for egg yolk percentage, shell deformation and yolk colour, but lower values for egg shell percentage (by 3.31% on average) and lower shell weight (by 2.55 g on average). In the present study, the most favourable shell quality traits, i.e. the highest shell weight (5.76 g), thickness (360.14 µm) and density (81.01 mg/cm 2 ), were characteristic of the eggs of free-range birds. These data are also consistent with the results of relevant studies obtained by Hidalgo et al., 2007 Hidalgo et al., , 2008 Nowak and Sobczak, 2005) .
In conclusion, our detailed analysis of the physical characteristics of eggs from hybrids of laying hens showed significant (P≤0.05) differences depending on the housing system. In summing up, the eggs of caged layers could prove useful for the processing industry (e.g. for making egg products) due to their high weight and largest percentage of albumen with the most desired quality traits. Free-range hens produced eggs that showed many characteristics of desirable freshness and shells that had best quality parameters.
From the consumer's point of view, the most desirable traits were characteristic of the eggs from hens raised on litter, because they had sought-after colour, thick shells and darkest yolks. This makes these hens most suitable for backyard systems as they could meet specific needs of the consumers.
